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A BUILT-IN, MUIiTI BAND, MULTI ANTENNA SYSTEM 

Technical Field 

5 The present invention relates to. mobile telephones 

and similar types of portable communication devices that 
need several commercial frequency bands to communicate on. 
More specifically, the invention relates to a built-in, 
multi band, multi antenna system for such mobile tele- 
10 phones, etc. 

Background Art 

A basic* problem of today is to be able to put one or 
several very small antennas on e.g. a mobile telephone. 

15 Main emphasis is put on size, but a good electrical perfor- 
mance is also important . Now when Bluetooth™ applications 
have become a world standard, an additional frequency band 
must be covered in future mobile telephones. It is very 
hard to include this in an already existing antenna, most 

20 commonly a built-in antenna. Another way is to include a 
new antenna to handle Bluetooth™ communication. Usually 
the available space is very small - in fact, too small in 
reality. The antennas will often have to be located very 
close to each other, since generally, the best position is 

25 at the top of the telephone. 

This kind of complicated internal antenna system 
needs a very sophisticated mechanical process, involving 
for example MID, metal painting and printed film. The 
designer must be very careful to get good isolation between 

30 the main antenna and the Bluetooth™ antenna. 

' State of the art today is one* single antenna, usually 
a built-in patch antenna with one grounding and one feeding 
pin, functioning at two commercial frequency bands: GSM and 
DCS or- maybe GSM and PCS. No Bluetooth™ antenna has been 

35 observed on the market together with such an antenna in a 
mobile telephone . 
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Thus, the known antennas are only dual band, said a 
Bluetooth™ antenna is not included. 

Summary of the Invention 

5 It is an object of the present invention to propose a 

very compact multi band, multi antenna system, with a cheap 
and sophisticated mechanical concept to get good isolation 
by clever design of a parasitic element as a high impedance 
block . 

10 The object of the invention is achieved by an 

antenna system according to the attached independent 
patent claim. 

Other objects, features and advantages of the pre- 
sent invention will appear from the following detailed 

15 disclosure of a preferred embodiment, from the enclosed 
drawings as well as from the subclaims .- 

Brief Description of the Drawings 

A presently preferred exemplifying embodiment of an 
20 antenna system according to the present invention will now 
be described in more detail with reference to the accompa- 
nying drawings , where : 

FIG 1 is a schematic perspective view of the antenna 
system , 

25 FIG 2 is schematic side view of the antenna system 

shown in FIG 1, 

FIG 3 is a schematic perspective view of a mobile 

telephone with an antenna carrier and an antenna connector 

for the antenna system of FIGs 1 and 2, 
30 FIG 4 corresponds to FIG 3, with the addition of the 

antenna system of FIGs 1 and 2 in an unfolded condition, 
FIG 5 shows the unfolded antenna system of FIG 4 

together with the antenna connector mounted on a printed 

circuit board, 
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FIG 6 is a return loss diagram for a main antenna 
and a Bluetooth™ antenna, which are comprised in the 
antenna system, 

FIG 7 illustrates the isolation between the two 
5 antennas of FIG 6, 

FIG 8 is a dimensioned drawing of the presently 
preferred embodiment of the antenna system, and 

FIG 9-12 are alternative embodiments of the antenna 
system according to the invention. 

10 

Detailed Disclosure 

A simplified illustration of the antenna system 1 
according to the invention is given in FIGs 1 and 2 . The 
antenna system has a main antenna 2 for GSM/DCS/PCS and a 

15 separate smaller Bluetooth™ antenna 3 positioned very 

close to the main antenna 2. As seen in FIG 2, the antennas 
have a folded distribution which occupies a first plane 
where most of the antenna pattern is located, a second 
plane which is perpendicular to the first plane, and a 

20 third plane which is perpendicular to the second plane and 
parallel to the first plane. 

The main antenna 2 is a built-in patch with parasitic 
element, whereas the smaller Bluetooth™ antenna 3 is a 
PIFA, however folded a little bit to fit the small space 

25 available. The combination of the antennas, their indivi- 
dual positions, and the folding together with the electri- 
cal connection are noteworthy features. 

A significant advantage with the antenna system 
according to the present invention is the sise reduction 

30 that obtained by placing the antennas close together as 
well as the folding of the antenna patterns. 

The main antenna 2 comprises a dual band PIFA antenna 
with a* GMS part 4 and a DCS part 5 . In addition, the main 
antenna 2 comprises a parasitic PCS part 6. The main an- 

35 tenna 2 and the Bluetooth™ PIFA antenna 3 are printed on 
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the same flexible substrate (not shown in the drawings) and 
constitute a common flex film. 

The metal trace of the parasitic PCS part 6 is loca- 
ted between the main antenna 2 and the Bluetooth™ antenna 
5 3. It is resonant at PCS 1900 MHz, about wavelength, and 
will function as a high impedance blocking between the main 
antenna 2 and the Bluetooth™ antenna 3. 

By arranging the antennas in this maimer, it is 
possible to reduce the overall size of the antenna system 

10 compared to if the parasitic element was not present. As 

can be understood, moving the antennas further apart, which 
would be necessary in the absence of the parasitic element, 
would increase the isolation between the main antenna and 
the BluetoothTM antenna. 

15 The antenna system 1 has five connection traces 7a- 

7e, which all are located in the third plane. Of these 
connection traces, the main antenna 2 has a ground trace 7a 
("Ground #1") and a feed trace 7b ("Feed #1") for the GSM 
part 4 and the DCS part 5. The parasitic PCS part S has 

20 only a ground trace 7c ("Ground #2"), whereas the Blue- 
tooth™ antenna 3 has a ground trace 7d ("Ground #3) as 
well as a feed trace 7e ("Feed #2"), as shown in FIG 1. The 
actual width of the feed traces is a tradeoff between size 
and performance. By widening the feed traces, a better 

25 performance would be achieved. However, wider feed traces 
result in an increased size of the antenna system. 

As seen in FIG 2, the antenna system 1 is connected 
to radio circuitry on a printed circuit board 13 (FIG 5) 
through electrical feeding 8. As appears from FIGs 3-5, the 

30 electrical feeding 8 is implemented as an antenna connector 
11, which is mounted to the printed circuit board 13 and 
comprises a group of five pogo pins 12 (one for each con- 
nection trace 7a-7e) . 

In a preferred embodiment, the flex film with the 

35 antenna system 1 is placed on a plastic antenna carrier 9, 
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which will keep the film at its correct position with 
respect to the printed circuit board 13 . FIG 3 illustrates 
the antenna carrier 9 together with the antenna connector 
11 and the primary side of a mobile telephone 10. 
5 The material used for the antenna carrier will affect 

the antenna performance. This is due to that the antenna 
carrier will act as a dielectric loading, changing the 
resonance frequencies of the antennas slightly. A lossy- 
material, i.e. a material with a large dielectric constant, 
10 will give a better VSWR (Voltage Standing Wave Ratio) and 
hence a broader bandwidth, but will at the same time 
provide a lower antenna gain. As mentioned above, in the 
preferred embodiment the antenna carrier is made of 
plastic. However, other materials such as ceramic, mica, or 
15 glass could also be used as carrier material, depending on 
the desired working characteristics of the antenna system. 

FIG 4 illustrates the base of the antenna system 1 
unfolded in one plane above the antenna carrier 9 . The 
antenna connector 11 with its pogo pins 12 is shown 
20 underneath the antenna carrier 9. 

FIG 5 illustrates, again, the antenna system 1 
unfolded above the antenna connector 11 and the pogo pins 
12. The naked printed circuit board 13 is also shown. 

FIG 6 shows return loss for the main antenna 2 and 
25 the Bluetooth™ antenna 3. As seen, the antennas are tuned 
(designed) to work at slightly too high frequencies. This 
is done in order to compensate for losses that are intro- 
duced by the plastic cover and the rest of the mechanics 
underneath. 

30 FIG 7 illustrates the isolation between the two an- 

tennas of FIG 6. Obviously, the isolation is very good, 
even in the highest band despite the short distance be- 
tween -the antennas. 

FIG 8 is a dimensioned drawing of the presently 

35 preferred embodiment of the antenna system. 
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Finally, FIGs 9-12 illustrates four alternative 
embodiments of the antenna system according to the 
invention. As can be seen from the figures different parts 
of the antenna system may look different depending on e.g. 
5 the amount of space available inside the portable 
communication device. 

The invention has been described above with reference 
to a presently preferred embodiment example. However, other 
embodiments than the one described above as well as many 
10 modifications, variations and equivalent arrangements are 
possible within the scope of the invention, as defined by 
the appended ■ independent patent claim.- 
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CLAIMS 

1. A built-in, multi band, multi antenna system (1) 
for a portable communication device (10) , comprising, in 

5 combination: 

a first antenna (2, 4, 5), which is resonant in first 
and second frequency bands, 

a parasitic element (6), which is positioned adjacent 
to the first antenna and is resonant in a third frequency 
10 band, and 

a second antenna (3), which is resonant in a fourth 
frequency band, 

wherein the first antenna, the parasitic element and 
the second antenna are provided on a common flexible 
15 substrate. 

2. An antenna system as in claim 1, wherein the first 
antenna (2, 4, 5) and the second antenna (3) are PIPA an- 
tennas . 

20 

3. An antenna system as in claim 2, wherein 

the first antenna (2, 4, 5) has a first feed trace 
(7b) and a first ground trace (7a) , 

the parasitic element (6) has a second ground trace 
25 (7c), and 

the second antenna (3) has a second feed trace (7e) 
and a third ground trace (7d) . 

4. An antenna system as in claim 3, wherein 

30 , the first antenna (2, 4, 5) has a GSM part (4) and a 

DCS part (5) , 

the parasitic element (6) is operative in the PCS 
band, and 

the second antenna (3) is a Bluetooth™ antenna. 



35 
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5. An antenna system as in any preceding claim, 
wherein the parasitic element (6) is located between the 
first antenna (2, 4, 5) and the second antenna (3) so as to 
provide high impedance blocking between the antennas. 

5 

6. An antenna system as in any preceding claim, 
further comprising an antenna carrier (9) , upon which said 
common flexible substrate is provided in a folded distri- 
bution. 

10 

7. A portable communication device (10) having a 
printed circuit board (13), characterized by 

an antenna system (1) according to any of claims 1-6, 

and 

15 an antenna connector (11) for connecting the antenna 

system to the printed circuit board (13) . 

8. A portable communication device as in claim 7, the 
antenna system (1) being defined by claim 3, wherein the 

20 antenna connector (11) comprises a group of five pogo pins 
(12) , each of which is aligned with a respective one of 
said first feed trace (7b) , said first ground trace (7a) , 
said second ground trace (7c), said second feed trace (7e) 
and said third ground trace (7d) 1 

25 

9. A portable communication device as in claim 7 or 
8, wherein the device is a mobile telephone. 
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Fig 3 



WO 02/078123 



4/10 



PCT/SEOi/00532 




Fig 4 



WO 02/078123 



5/10 



PCT/SE02/00532 




Fig 5 
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Isolation between the antennas 
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Protective paper, that should be 
divided Prom the rest of the 
protective paper 



-Shape of punch 
in protective paper 
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Plating on 
contact points 



PET thickness 75 pm ±107. 
Cu thickness 20 pm ±5% 
Adhesive thickness 40 pm ±10% 
Total thickness 135 pm ±9% 
Plating on contact point: 
1-4 pm,Mi, min 0,5 pm Au 
Flex is to be put on .-.(material TBD) 



All dimensions according to 3D-Pile: 
i 3042 -kre 10595 
Genera I to I erances : 
Cu pattern ±0,05 
PET pattern 0-15mm: ±0,05 
>15mm: ±0,10 
Prom PET edge to Cu pattern: t0,!5 
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